effective uncouplers of photosynthetic phosphorylation. The action of ammonium salts are reversible by simply washing the chloroplasts.
It is suggested tentatively that a P/2e ratio of more than 1.0 might be possible for ATP formation coupled to ferricyanide reduction. of both oxidants spectrophotometrically. Under comparable circumstances, one observes that intact chloroplasts reduce ferricyanide at a much lower rate than that at which they reduce indophenol dye. This difference has been studied and a procedure has been devised which permits chloroplasts to reduce both acceptors at the same rate. a 10-kilocycle Raytheon sonic oscillator. Freshly prepared chloroplasts were used in all experiments and Hill reaction activity was measured immediately after preparation of the chloroplasts, unless otherwise indi-'cated.
MEASUREMENTS. All spectrophotometric measurements were performed with a Beckman Model B or DU spectrophotometer using 3.0 ml cuvettes having a'light path of 1.0 cm. Hill reaction activity measurements with 2,3',6-trichlorophenol indophenol were performed as described by Jagendorf (7) . Measurement of ferricyanide reduction was accomplished as de-*scribed by Krogmann and Jagendorf (9) . As previously reported, the oxidant concentrations chosen for these measurements were 0.08 micromoles (,uM figure 1 . The initially high dye reduction activity decreased steadily with increasing time of sonication. The initially low rate of ferricyanide reduction first increased with. sonication, then decreased. After 120 seconds sonication, the rates to the 2 acceptors were almost equal.
EFFECT OF HYPOTONIC MEDIUM AND OF AGING:
It was reasoned that a medium of very low tonicity (top). The optimal pH for the increase in ferricyanide reducing ability turned out to be between 6 and 6.3 ( fig 4) . This pH refers only to the dilution step; the chloroplasts had been prepared in unbuffered NaCl and the assay was performed at pH 7. It should be noted that in the assay procedure the chloroplasts are diluted at least as much as they are in the dilution step. The neutral pH during the assay presumably prevents activation during the course of the reaction. The activation of chloroplasts to a high rate of ferricyanide reduction is apparently irreversible. As all assays were performed at pH 7, the activation by exposure to lower pH did not depend on the maintenance of that pH. When chloroplasts were centrifuged from a dilution medium buffered at pH 6.3 and resuspended in a minimal volume of low salt medium buffered at pH 7, the Hill reaction activity to ferricyanide remained high.
EFFECT The preparation diluted at pH 6.2 is seen to reduce ferricyanide 3 times as fast as does the control preparation. The 2 sets of chloroplasts were practically identical in their ability to reduce trichlorophenol indophenol. They were then compared in regard to sensitivity to 8-hydroxyquinoline and a,a'-dipyridyl, using indophenol dye as the oxidant. The Hill reaction activity of the treated chloroplasts is much more sensitive to inhibition by chelating agents than is that of the control chloroplasts. Thus the treatment which increases the activity of the chloroplasts in photoreduction of ferricyanide also increases the sensitivity of the chloroplasts to these 2 inhibitors. a_ CORRELATION WITH PHOTOSYNTHETIC PHOSPHORY-LATION: An attempt was made to correlate the 2 levels of ferricyanide reducing ability with the process of photosynthetic phosphorylation. Cyclic phosphorylation was studied, using the experimental procedure of Arnon et al (2) as modified by Jagendorf and Avron (8) . Phenazine methosul-ate was the catalytic cofactor employed. The data from triplicate experiments are presented in table IV. It can be seen that chloroplasts which show the greatest Hill activity with ferricyanide have the least ability to carry out phosphorylation.
CORRELATION WITH PYRIDINE NUCLEOTIDE RE-DUCTION: Next a correlation was sought between the ability to photoreduce ferricyanide and pyridine nucleotide. In these experiments, the chloroplasts were saturated with the pyridine nucleotide reducing enzyme from spinach described by San Pietro (13) . Chloroplasts were made limiting in the reaction mixture to reveal differences in their abilities to participate in the reduction of TPN. As can be seen in table V, the dilution process quadrupled the rate of ferricyanide reduction but had little or no effect on the rate of pyridine nucleotide reduction.
DISCUSSION
When the spectrophotometric assay of ferricyanide reduction is used to measure the Hill activity of intact chloroplasts, a large difference in the rate of reduction of ferricyanide as compared with that of the dye 2,3',6-trichlorophenol indophenol is revealed. In both (12) . The reactions are zero order with respect to either dye or ferricyanide, in the concentration range used. Ferricyanide reduction by the Hill reaction of intact chloroplasts occurs at only 20 to 30 % of the rate of dye reduction.
The rate of reduction of ferricyanide is increased by sonic disruption of the chloroplasts. The rate of ferricyanide reduction can be raised to that of dye reduction by the NaCl dilution procedure described here. The dilution procedure has little or no effect on the rate of dye reduction depending on the chloroplasts, while it may increase ferricyanide reduction as much as 5-fold. A less rapid activation of ferricvanide reduction is seen with chloroplasts held in the usual storage conditions of 0.4 M sucrose buffered at pH 7.8. No gross difference could be detected in a microscopic examination of chloroplasts diluted in NaCl, compared to untreated control chloroplasts.
An analysis of the rate of the Hill reaction as a function of light intensity permits one to discern whether a limitation to Hill activity occurs at the photochemical step or at some dark reaction (12) . With this analysis it can be seen that the inherent inhibition of the Hill reaction of untreated chloroplasts acts at a dark step. This inhibition is released by the NaCl dilution treatment described here. The accelerating effect on ferricyanide reduction of the treatments described earlier, may be interpreted most easily as a loss of coupling between electron transport and phosphorylation (see (3) and (5) ). The loss of ability to accomplish cyclic phosphorylation is consistent with this interpretation. A final proof for it is presented in the accompanying report (10) .
Chloroplasts which show maximal rates of ferricyanide reduction also show increased sensitivity to metal chelators as inhibitors (table III, and (11)). This greater sensitivity could be related to a different mechanism for electron transport in uncoupled chloroplasts. Alternatively, the treatments may in some way expose previously inaccessible portions of the electron transport chain to chelating agents.
Bishop, Lumry and Spikes observed an incfease in ferricyanide reducing ability of chloroplast frag-
